Abstract.-Aryl hydrocarbon hydroxylase, an inducible microsomal enzyme system, has been measured in cultures of normal and transformed hamster, mouse, and human cells. In order to determine the highest level of enzyme, the cells were induced by pretreatment with benz(a)anthracene. A correlation was found between the level of enzyme activity and the susceptibility of the cells to the cytotoxicity produced after treatment with benzopyrene. The results indicate that aryl hydrocarbon hydroxylase is the enzyme system responsible for cell susceptibility to the cytotoxic effect of benzopyrene and the toxic effect of benzopyrene is due to its enzymatic conversion to a cytotoxic metabolite. 3-Hydroxybenzopyrene, one of the products of the enzymatic hydroxylation of benzopyrene, was found to be cytotoxic to cells that were either susceptible or resistant to the cytotoxic effect of benzopyrene.
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Studies on the action of benzopyrene on normal and transformed cells in culture have indicated that cell transformation can be obtained with normal cells that are resistant or susceptible to the cytotoxic effect of benzopyrene,' and that resistance of transformed cells to the cytotoxic effect of benzopyrene2 I can be a result of transformation of cells that were resistant as normal cells or a secondary change after transformation of susceptible cells. 4 The present studies were undertaken to determine the molecular basis of resistance and susceptibility to the cytotoxicity of benzopyrene. Since the microsomal enzyme aryl hydrocarbon hydroxylase is chiefly responsible for polycyclic aromatic hydrocarbon metabolism, it was of interest to determine the relationship between this enzyme and the cytotoxic activity of benzopyrene.5-7 centage of surviving colonies in the treated plates compared to the cloning efficiency in the nontreated plates.
Preparation of the hydrocarbon solutions: Benzopyrene, 3-hydroxybenzopyrene, and benz(a)anthracene solutions were made by dissolving 10 mg of the hydrocarbon in 1 ml acetone. This suspension was diluted in 100 ml of Eagle's medium with 10% fetal calf serum warmed to 370C, and the required concentrations were prepared from these solutions. The solutions prepared were used for the experiments without storage in a room with blacked-out windows which let in only enough light necessary for visibility.
Enzyme induction: Cells were used for enzyme induction 2-4 days after seeding in 100 mm plastic Petri dishes. The medium was removed and replaced by fresh Eagle's medium with 10% fetal calf serum and 10 ug benz(a)anthracene/ml. Fresh medium without benz(a)anthracene was added to the control dishes. Acetone in which the benz(a)anthracene was dissolved was not added because 0.1% acetone was found to have no inhibitory or inductive effect in the tested cells. The cells were incubated after the medium change for 20 to 24 hrs.
Enzyme assay: The enzyme assay was based on the procedure previously described.6 After incubation, the cells were washed twice with cold phosphate-buffered saline and collected by scraping in a cold solution of 0.25 M sucrose in water. They were then centrifuged and washed once in cold 0.25 M Tris-HCl buffer (pH 7.5). The pellet was homogenized in a cold solution of 0.25 M Tris-HCl buffer (pH 7.5) in a tight-fitting tissue grinder, and kept in ice. For the standard assay of aryl hydroxylase activity, the reac-tion mixture in a total vol of 1 ml contained 50 Mumoles of Tris-chloride buffer (pH 7.5), 0.36 Mmole of NADPH, 3 jemoles of MgCl2, 0.10 ml of cell homogeneate (containing 300 to 1500 ug of protein), and 80 mjumoles of benzopyrene (added in 0.040 ml of methanol just prior to incubation). The mixture was shaken in air at 370 for 15, 30, 45 , and 60 min. Protein was determined by the method of Lowry."3
The reaction was stopped with 1 ml acetone, and the hydrocarbons extracted with 3.25 hexane by 10-min shaking at 370C followed by centrifugation in the cold. A 1-ml aliquot of the extracted hexane solution was transferred to another tube, and the hydroxy derivatives were extracted with 3 ml of 1 N NaOH. The concentration of extracted hydroxy derivatives in the NaOH solution was determined spectrophotofluorometrically in the range of 470 to 3000 muA in an Eppendorf 1100 spectrofluorometer after an activation at 405 inju. A unit of hydroxylase activity was defined as that amount catalyzing the formation of hydroxylated product causing fluorescence equivalent to that of 10-s ;&g of 3-hydroxybenzopyrene.
Results.-Induction of aryl hydrocarbon hydroxylase by benz(a)anthracene: In the first experiments, normal and transformed cells were assayed for the presence of enzyme activity before and after benz(a)anthracene pretreatment. As reported previously,6 we found that enzyme activity was present in normal hamster and normal mouse cells and that this activity was increased [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] times after pretreatment of the cells with benz(a)anthracene (Fig. 1) . No appreciable enzyme activity was seen in benzopyrene-transformed hamster cells which were in culture for four months, nor in mouse cells transformed by SV40 which were two months in culture. When these transformed cells were pretreated with benz- (a)anthracene, a small increase in enzyme activity of two-to threefold was found (Fig. 1) . No enzyme activity was detected in either control or benz(a)anthracene-pretreated hamster transformed cells, Hamster PV2, Hamster SV2, and Hamster Sponth. which were in culture more than six months. 3T3, a contact inhibited mouse cell line which was also tested, showed a basal level of 15 units of enzyme activity per milligiam protein, and a tenfold increase in enzyme activity after induction with benz(a)anthracene.
These results indicate that cells which contain a basal level of aryl hydrocarbon hydroxylase show a marked increase in enzyme activity after induction with benz-(a)anthracene, while cells which were more than six months in culture and which showed no detectable basal enzyme activity were not inducible by pretreatment with benz(a)anthracene. In the succeeding experiments, enzyme activity was always measured in cells pretreated with benz(a)anthracene.
Aryl hydrocarbon hydroxylase activity and the cytotoxic effect of benzopyrene: A direct correlation was observed between the enzyme activity in the different benz(a)anthracene-pretreated hamster and mouse cells and their susceptibility to the cytotoxic effect of benzopyrene (Tables 2 and 3 ). Those cells which had a higher enzyme activity were also more sensitive to benzopyrene cytotoxicity, and cells with lower enzyme activity were more resistant to the cytotoxicity. This correlation was also found in isolated polyoma-transformed hamster clones tested at 42 days after polyoma virus infection (Table 4) . No detectable enzyme activity over background with or without benz(a)anthracene pretreatment was found in two normal and one transformed SV40 human cell line, and these cells were also resistant to the cytotoxicity of benzopyrene (Table 5 ). Cytotoxic effect of 3-hydroxybenzopyrene: Aryl hydrocarbon hydroxylase action results in the conversion of benzopyrene to a number of hydroxylated products.7 One of the major products is 3-hydroxybenzopyrene. This metabolite was found to be cytotoxic to transformed and normal cells and even more cytotoxic to the transformed ones, while benzopyrene was more cytotoxic to normal cells (Fig.  2) . The other known metabolites were unavailable for testing, and it is possible that there are reactive intermediates of hydroxylation or other products which have equal or greater toxicity than the 3-hydroxybenzopyrene.
Discussion.-The present experiments indicate that sensitivity to the cytotoxic effect of benzopyrene in different cells is dependent upon the presence of the aryl hydrocarbon hydroxylase.5' 6 3-Hydroxybenzopyrene, which is one of the main products of this enzyme, 7 was tested and was found to be cytotoxic to cells which were resistant to the cytotoxic effect of benzopyrene. Therefore, cells which lack the enzyme will not produce the cytotoxic hydroxylated product and will be resistant. Evidence supporting the relationship between carcinogenic hydrocarbon metabolism and susceptibility of cells to cytotoxicity can be seen from the data showing that certain established cell lines do not contain the enzyme,6 from data on the conversion of a hydrocarbon to water-soluble metabolites'4 in cell culture, and by the decrease of a specific fluorescence peak of the hydrocarbon metabolite"5 in sensitive cultures. The finding that 3-hydroxybenzopyrene was more cytotoxic to transformed cells than to normal cells can be due to the more rapid growth of the transformed cells which prevents repair of the cytotoxic effect. The sensitivity of the cells to benzopyrene toxicity thus seems to depend upon the presence of benzopyrene hydroxylase and perhaps upon the growth rate of the cells. The data indicating that susceptible transformed cells can give rise to resistant transformed cells with a selective advantage4 can be explained by the appearance of cell variants which do not have the microsomal enzyme whose products are toxic, and which therefore have a selective advantage. 1 Huberman, E., and L. Sachs, these PROCEEDINGS, 56, 1123 (1966) . 2 Vasiliev, J. M., and V. I. Guelstein, J. Natl. Cancer Inst., 31, 1123 (1963) ; Berwald, Y.,
